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ABSTRACT 
James K. Brown 
Collin D. Bevins1 
Means, standard deviations, and quartiles of fuel 
loadings were determined for litter, for downed woody 
material of 0 to one10urth inch, one10urth to 1 inch, 0 to 
1 inch, and 1 to 3 inches, for herbaceous vegetation, and for 
shrubs by cover types and fire groups. The studies were 
. conducted at four locations in northwestern Wyoming, 
western Montana, and northern Idaho. Most distributions 
were strongly skewed to the right. Ratios of medians-to-
means for the fuel components by vegetation type and loca-
tion all averaged close to 0.6 except for shrubs, which 
averaged O.lS. Correlation coefficients for fuel component 
pairs were mostly less than 0.30. Fuel loadings and 
predicted fire behavior varied considerably within cover 
types and fire groups compared to between vegetation types. 
Results suggest that a few models of physical fuel proper-
ties for rating fire danger and predicting fire behavior by 
broad vegetation types are appropriate for practical ap-
plications. Other implications to predicting fire behavior 
using mathematical models are discussed. 
KEYWORDS: fuel appraisal, cover types, fire groups, fuel 
inventory 
INTRODUCTION 
Determination of surface fuel loadings is necessary to 
predict fire behavior using mathematical models of fire 
spread and intensity. Fire danger rating and fire behavior 
prediction for fire dispatching, presuppression planning, 
fuel management, and other applications are important 
activities based on Rothermel's mathematical fire spread 
model (1972) and modifications by Albini (1976a). Proper 
application of fire behavior predictions, including develop-
ment of applied systems, requires knowledge of the nature 
of fuel loading distributions for (1) determining appropri-
ate fuel statistics for input to the fire behavior model and 
(2) interpreting meaningful resolution of the fire behavior 
predictions. Meaningful resolution in predicted fire be-
havior is uncertain because it has received limited system-
atic evaluation. Meaningful resolution depends on the 
accuracy of predictions, variability of fuels and fire be-
havior, and the technical requirements of managers. 
lProject leader at the Intermountain Fire Sciences Laboratory, Missoula, 
MT, and research forester with Systems for Environmental Management in 
Missoula. 
The study reported here deals with the nature of fuel 
loading distributions and mathematical predictions of fire 
behavior. It was undertaken to evaluate variability in sur-
face fuel loadings and fire behavior and to determine the 
statistical properties of fuel loading distributions that 
could be used in predicting fire behavior. The study was 
prompted by availability of a large set of surface fuel data 
gathered in the Northern Rocky Mountains during the 
mid-1970's primarily for establishing wilderness fire man-
agement plans. During this time, live and dead surface 
fuels including forest floor litter (01 horizon), downed 
woody material, herbaceous vegetation, and shrubs were 
inventoried over large areas. 
METHODS 
The vegetation types studied were forest cover types 
and "fire groups." Cover types were named according to 
the overstory species having the greatest basal area and 
included: 
Common name Scientific name Abbreviation 
Ponderosa pine Pinus ponderosa PP 
Lodgepole pine Pinus contorta LP 
Douglas-fir Pseudotsuga menziesii DF 
Engelmann spruce Picea engelmannii ES 
Subalpine fir Abies lasiocarpa AF 
Grand fir Abies grandis GF 
Western red cedar Thuja occidentalis C 
.Fire groups described by Davis and others (1980) and 
FIscher and Clayton (1983) consist of forest habitat types 
(Pfister and others 1977) that are grouped based on the 
response of the tree species to fire and the roles these 
tree species take during succession. The fire groups 
studied included: 
Fire Group Two: 
Fire Group Four: 
Fire Group Six: 
Fire Group Seven: 
Fire Group Eight: 
Fire Group Nine: 
Warm, dry ponderosa pine habitat 
types 
Warm, dry Douglas-fir habitat 
types 
Moist Douglas-fir habitat types 
Cool habitat types usually 
dominated by lodgepole pine 
Dry, lower subalpine habitat types 
Moist, lower subalpine habitat 
types 
Fire Group Ten: Cold, moist upper subalpine and 
timberline habitat types 
Fire Group Eleven: Moist grand fir, western redcedar, 
and western hemlock habitat types. 
The following areas were studied: 
1. Cooper Queen (CQ), Bitterroot National Forest, 
western Montana. 
2. Tolan Creek (TaL), Bitterroot National Forest, 
western Montana. 
3. Moose Creek and White Cap Creek (MWC), Selway-
Bitterroot Wilderness, Nez Perce and Bitterroot National 
Forests, northern Idaho. 
4. Teton Wilderness (TET), Bridger-Teton National 
Forest, northwestern Wyoming. 
Sampling Design 
Many stands, identified by overstory cover type, were 
selected from large areas for fuel sampling. Selected 
stands were identified on aerial photographs and then 
located in the field. Stands were also selected while hiking 
on and off trails. Stand selection was not entirely random; 
however, effort was made to systematically and objectively 
distribute stands throughout entire drainages. 
Within each stand, three to 20 sample points were 
located along paced transects that cut across changes in 
elevation and aspect. Habitat types were identified at each 
sample point and provided the basis for stratifying the 
data into Fire Groups. All live and dead surface fuels were 
inventoried using a combination of techniques described by 
Brown and others (1982). 
Analyses 
All fuel loading data gathered within stands were pooled 
by vegetation types at each location. Only data from 
stands with at least eight sample points were accepted. 
Means, standard deviations, and quartiles were computed 
for the following fuel components by vegetation type and 
location: 
- Litter (loosely cast needles, leaves, bark flakes, dead 
matted grass, and a variety of miscellaneous vegetative 
parts excluding downed woody material). 
- 0- to 1/4-inch diameter downed woody material in and 
above the litter. 
- 1/4- to I-inch diameter downed woody material. 
- 0- to I-inch diameter downed woody material. 
- 1- to 3-inch diameter downed woody material. 
- Herbaceous vegetation (all upright live and dead 
grasses, sedges, forbs, and small, low-growing woody 
plants such as bunchberry [Comus canadensis], twinflower 
[Linnaea borealis], prince's pine [Chimaphila umbellata], 
and kinnikinnick [Arctostaphylos uva-ursi)). 
- Shrubs (leaves and live and dead stemwood less than 
0.8 inch diameter). 
The Kolmogorov-Smirnov two sample test (Sokal and 
Rohlf 1981) was used to test whether pairs of fuel distri-
butions were identical. Loadings for each fuel component 
were contrasted between all possible pairs of vegetation 
type/location combinations. This test is sensitive to differ-
ences in the entire distributions of two samples. Corre-
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lation between fuel components was evaluated using 
Spearman's rank correlation coefficient (Sokal and Rohlf 
1981). Nonparametric statistical tests were appropriate 
because the fuel loading distributions were not normally 
distributed. 
Fire behavior was predicted using medians of each 
pooled fuel loading data set as input to program 
FIRE MOD (Albini 1976b). The purpose of predicting fire 
behavior was to evaluate variability in fire behavior due to 
variability in the physical properties of fuel that character-
ize vegetation types. In the analyses, fuel loading was the 
primary source of variation. Other properties of fuel were 
held constant within vegetation types and locations. Fuel 
depth was calculated as total fuel loading divided by fuel 
bulk density. Total fuel loading was the sum of loadings 
for litter, downed woody material of 0 to 3 inches, herbs, 
and shrubs. Fuel bulk densities were average values 
reported for similar vegetation (Brown 1981). 
In predicting fire behavior, fuel loadings were parti-
tioned into litter and mixed-upright dominant fuel groups 
using the allocation procedure described by Brown (1981). 
Bulk densities were assigned to each dominant fuel group 
based on vegetation type. Fire behavior predicted for the 
litter and mixed-upright dominant fuel groups was then 
averaged, weighted by percent cover of each dominant 
fuel group. The average fire behavior values were used in 
further analysis and are reported in the results section. 
Surface area-to-volume ratios for predicting fire behavior 
were as follows: 
Fuel component 
Litter 
0- to 1/4-inch 
1/4- to I-inch 
1- to 3-inch 
Herb live 
Herb dead 
Shrub foliage 
Shrub stems 0- to 0.2-inch 
Shrub stems 0.2- to 0.8-inch 
Ratio 
Ft 2Jft3 
1,500 
270 to 490 
90 
30 
1,500 
3,500 
3,000 
610 
175 
For each pooled data set, fire behavior was predicted for 
1- and 5- mi/h midflame windspeed at the following low 
and high dead fuel moisture contents (ovendry basis): 
Moisture content 
Fuel component Low High 
-------- Percent --------
Herb 4 12 
Litter 4 12 
0- to 1/4-inch 4 12 
1/4- to I-inch 5 16 
1- to 3-inch 8 16 
These dead fuel moisture contents represent the 10th 
and 75th percentile values of cumulative moisture content 
distributions computed from weather records covering 
1954 to 1981 at two weather stations near the study 
areas. Live fuel moisture content was held constant at 
100 percent. The fraction of herbaceous vegetation con-
sidered dead was based on the inventory data and ranged 
from 0.05 to 0.15 among the vegetation types. 
Most stands were sampled with too few plots for reliable 
prediction of fire behavior on a stand basis. Thus, a jack· 
knife method (Sokal and Rohlf 1981) of assessing variabil· 
ity in fire behavior was attempted. Groups of data were 
generated from the pooled data set by eliminating 10 ran· 
domly drawn sample points. The process was repeated 
until all plots were eliminated in sets of 10. Previously 
drawn samples were replaced after each draw but could 
not be redrawn. Fire behavior was predicted for each jack· 
knife group using median fuel loadings. 
FUEL CHARACTERISTICS 
Mean and quartile fuel loadings for cover types are 
shown in table 1. Most of the values in table 1 were 
significantly different at the 95 percent confidence level 
Table 1-Mean and quartile loadings by cover type and location for fuel categories used in predicting fire behavior (see text for information 
on cover type and location abbreviations) 
Cover 
type 
LP 
OF 
AF 
ES 
GF 
C 
PP 
LP 
OF 
AF 
ES 
GF 
C 
PP 
LP 
OF 
AF 
ES 
GF 
C 
PP 
Location 
CO 
MWC 
TET 
TOL 
CO 
MWC 
TOL 
MWC 
TOL 
MWC 
TET 
MWC 
MWC 
MWC 
CO 
MWC 
TET 
TOL 
CO 
MWC 
TOL 
MWC 
TOL 
MWC 
TET 
MWC 
MWC 
MWC 
CO 
MWC 
TET 
TOL 
CO 
MWC 
TOL 
MWC 
TOL 
MWC 
TET 
MWC 
MWC 
MWC 
Number 
samples 
242 
376 
296 
411 
297 
553 
200 
182 
86 
113 
191 
483 
205 
494 
242 
376 
296 
411 
297 
553 
200 
182 
86 
113 
191 
483 
205 
494 
242 
376 
296 
411 
297 
553 
200 
182 
86 
113 
191 
483 
205 
494 
Mean 
First 
quartile 
Litter 
Median 
Third 
quartile Mean 
0- to 1/4-inch 
First 
quartile Median 
Third 
quartile 
......•.••...•......•..•...•..........••..•..........•......•.....•••.. Lb/acre ...•..•..•.........•..•.••....•........•...•• _ ••.••..•...••....•.••...• 
760 160 365 875 320 120 235 390 
1 ,180 335 655 1 ,325 430 160 290 565 
1,980 530 1,385 2,550 410 115 275 550 
585 185 310 580 255 80 195 350 
745 
1,080 
295 
725 
510 
1,035 
1,920 
1,330 
1,705 
1,250 
1,175 
1,360 
1,370 
1,445 
1,245 
1,905 
1,850 
865 
1,380 
1,740 
1,250 
1,025 
1,540 
835 
1,295 
1,285 
700 
1,615 
750 
470 
985 
2,810 
1,200 
1,065 
790 
475 
240 
270 
90 
245 
90 
150 
145 
320 
365 
275 
575 
o 
225 
635 
205 
390 
295 
615 
1,020 
625 
985 
675 
1/4_ to 1-inch 
o 
o 
o 
625 
o 
635 
o 
o 
480 
440 
o 
380 
570 
o 
705 
245 
210 
335 
350 
80 
285 
590 
100 
190 
420 
105 
80 
o 
Herb 
660 
645 
625 
1,250 
665 
1,305 
1,330 
490 
955 
880 
855 
765 
1,145 
370 
1,175 
685 
465 
1,135 
570 
215 
465 
2,105 
395 
455 
690 
230 
185 
'150 
3 
665 
1,265 
365 
800 
620 
1,230 
2,250 
1,290 
1,625 
1,780 
1,875 
1,930 
1,875 
1,890 
1,910 
2,540 
2,745 
985 
1,910 
2,205 
1,710 
1,150 
2,280 
1,085 
1,670 
1,825 
980 
2,240 
885 
435 
1,135 
3,840 
1,565 
1,400 
995 
480 
260 
405 
255 
570 
490 
135 
225 
355 
240 
445 
595 
235 
6,255 
1,215 
2,830 
5,180 
3,285 
1,685 
4,705 
965 
5,645 
1,570 
3,860 
15 
1,470 
1,475 
415 
660 
70 
250 
105 
1,015 
155 
290 
390 
570 
105 
360 
290 
295 
60 
165 
85 
40 
55 
85 
80 
150 
290 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
20 
o 
o 
5 
15 
o 
o 
o 
5 
o 
10 
o 
o 
165 
380 
320 
85 
115 
195 
175 
320 
510 
110 
1- to 3-inch 
3,200 
o 
o 
3,060 
o 
o 
3,245 
o 
3,335 
o 
2,720 
Shrub 
o 
o 
o 
10 
225 
o 
90 
20 
80 
15 
5 
260 
165 
o 
35 
10 
5 
310 
785 
670 
175 
220 
420 
345 
595 
780 
270 
9,710 
o 
2,985 
8,950 
3,730 
3,210 
6,745 
o 
9,710 
2,730 
5,440 
o 
2,555 
o 
20 
810 
o 
355 
85 
320 
115 
130 
465 
780 
65 
185 
50 
135 
from all other values. Only 13 percent of the 252 Kolmo-
gorov-Smirnov tests between cover type/location combina-
tions were nonsignificant. The 0- to I-inch category had 
considerably more nonsignificant differences than ei.ther 
the 0- to 1f4-inch or the 1/4- to I-inch categories. This sug-
gests that the broader the diameter limits are for downed 
woody material, the more difficult it is to detect signifi-
cant differences in fuel loadings. 
Most of the loading distributions were highly skewed, 
having long right-handed tails. Some distributions such as 
the 1- to 3-inch woody material and shrubs contained 
many zero observations. Shrub loadings were especially 
highly skewed as shown by the ratios of medians-to-means 
and ratios of standard deviations-to-means (table 2). The 
ratios of medians-to-means for litter, downed woody fuels, 
and herbaceous vegetation all averaged close to 0.6. The 
strong right-handed skewness in naturally occurring fuel 
distributions has also been reported by Brown and See 
(1981) and Jeske and Bevins (1979). Most fuel distributions 
are skewed because dead material, especially limbwood, 
often accumulates in clusters or jackpots. Shrubs and 
herbaceous vegetation often grow in clumps. Sparse fuel 
quantities commonly exist between fuel concentrations. 
Some discussion of individual fuel components may be of 
interest. 
Litter-Mean loadings ranged from 295 to 1,980 lb/acre. 
The wide range may be due in part to inconsistencies in 
sampling. The subjective definition of litter coupled with 
different individuals doing the sampling probably intro-
duced variability. For comparison, Jeske and Bevins (1979) 
reported litter loadings of 1,980 lb/acre in Glacier National 
Park forests. In Arizona, ponderosa pine needle litter 
averaged 2,000 lb/acre and mixed-conifer litter averaged 
2,200 lb/acre (Sackett 1979). Litter can markedly affect 
predicted fire behavior because loadings of this finely 
divided fuel are often high compared to other fuel com-
ponents. Litter for fire behavior prediction should include 
the loosely cast plant material that will burn during 
passage of aflame front. In sampling, the difficulty in 
recognizing what is litter and what is not litter can easily 
lead to imprecise predictions of fire behavior. 
0- to 1/4-inch-Mean loadings ranged from 135 to 595 
lb/acre. The smallest loadings occurred in the ponderosa 
pine and subalpine fir cover types perhaps because 
ponderosa pine grows little 0- to 1/4-inch twig material 
(Brown 1978). Subalpine fir trees tend to retain their 
branches rather than shed them due to lack of natural 
pruning and a characteristic narrow crown shape that 
resists breakage. For comparison, loadings in Glacier 
National Park forests ranged from 375 to 945 lb/acre 
measured over different years since last burn (Jeske and 
Bevins 1979). 
1/4- to 1-inch-Mean loadings ranged from 835 to 1,905 
lb/acre, a reasonably small range. In Glacier National 
Park, loadings averaged 1,195 lb/acre and varied signifi-
cantly over the period that fire-killed trees were deterior-
ating (Jeske and Bevins 1979). Loadings from many 
managed stands for the same cover types in western Mon-
tana and northern Idaho averaged 1,800 to 2,600 lb/acre 
(Brown and See 1981). The higher loadings are probably 
due to cutting activity in some stands. 
1- to 3-inch-Loadings varied considerably between in-
dividual sample points, with mean loadings ranging from 
15 to 6,255 lb/acre. All of the first quartiles and over half 
of the medians were zero. Most nonsignificant differences 
using the Kolmogorov-Smirnov test were for this fuel com-
ponent. Apparently, a sampling plane length longer than 
the 6.8 feet used in the data collection was needed to pro-
vide more realistic and meaningful loading distributions. A 
10- or 12-foot long sampling plane would probably have 
produced considerably fewer zero observations and better 
data. 
0- to 1-inch-Mean loadings ranged from 1,000 to 2,340 
lb/acre. Combining the 0- to 1/4-inch and 1/4- to I-inch size 
classes reduced variability from that found in the 0- to 1/4-
inch class but not from that found in the 1/4- to I-inch 
class. 
Herb-Mean loadings ranged from 240 to 2,810 lb/acre. 
The high loadings probably represent beargrass (Xero-
phyUum tenax) and elk sedge/pinegrass (Carex geyerii/ 
Calamagrostis rubescens) communities. Herbaceous vegeta-
tion can vary considerably from year to year, thus the 
large range is not surprising. Interestingly, the mean 
loading for lodgepole pine at Cooper Queen and the Moose 
Creek and White Cap Creek locations were essentially the 
same at 1,290 lb/acre. The median loading, however, at 
Cooper Queen was 1,175 lb/acre, almost twice that of 
685 lb/acre at the other location. In this situation, if fire 
behavior predictions were based on mean loadings, no dif-
ferences would be predicted between locations. However, 
if based on median loadings, considerably different fire 
behavior predictions would result. The converse situation 
with similar medians and dissimilar means is probably 
more apt to occur, as indicated in table 1. 
Shrub-Mean loadings ranged from 70 to 1,285 lb/acre. 
Medians were much smaller than means because of the 
aggregated pattern of shrub growth. Use of medians. in 
Table 2-Ratios of medians-to-means and ratios of standard deviations-to-means 
for the 14 cover type-location data sets 
0- to '/4_ '/4_ to 1- 0- to 1- 1- to 3-
Statistic Litter inch inch inch inch Herb Shrub 
Ratio of median-to-mean 
Low 0.30 0.46 0.44 0 0 0.33 0 
High .70 .85 .86 0.85 0.71 .91 0.67 
Mean .55 .66 .62 '.63 '.57 .62 1.18 
Ratio of standard deviation-to-mean 
Mean 1.58 1.19 1.23 1.18 1.75 1.26 4.06 
'Excludes observations with 0 median. 
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predicting fire behavior probably misrepresents fire be-
havior in patches of shrubs, but probably provides the 
most accurate predictions of average rate of spread and 
intensity in other fuels. 
Variation in mean loadings within cover types is rather 
large and greater than variation between many cover 
types (fig. 1). Although this study was not designed to 
evaluate surface fuel variability, it does suggest that dif-
ferences between many cover types may be insignificant 
for applications to fire management. However, variation 
within cover types may be important and may require 
assessment for rating fire danger and appraising potential 
fire behavior. 
Correlations Between Fuel Components 
Practically all correlation coefficients were significant 
due to the large amounts of data. However, correlations 
were low, indicating little association among fuel variables 
(fig. 2), which Brown and See (1981) also concluded. Num-
ber of observations ranged from 670 to 2,190 among the 
cover types, except for red cedar with 260 observations. 
Most of the correlation coefficients for red cedar were non-
significant at the 0.05 confidence level; thus the redcedar 
2400 
• 
2000 
w 
• a: 1600 () 
« 
"-
CQ 
• .... 
• 1200 
Cl 
z 
0 
« 800 0 
.... I 
400 
0 
LITTER 0-1 INCH 
• 
coefficients were omitted from figure 2. A larger data set 
was used for correlation analysis than for the loading 
distributions because all available data were analyzed, 
which included many stands with only a few sample 
points. 
The 0- to 1/4-inch and 1/4- to I-inch size classes were the 
most highly correlated of all the variable pairs, having a 
median correlation coefficient for the cover types of 0.41. 
This moderate correlation seems reasonable because 
branches shed from trees should contain materials from 
both size classes. However, the low correlations between 
most downed woody classes indicate that downfall and 
deterioration of twigs, branches, and boles is not uniform 
among the different size classes. 
Litter and grass loadings were inversely related except 
in the ponderosa pine type where litter (comprised pri-
marily of dead grass) and grass were positively correlated. 
Correlations were not evaluated for some fuel components 
because they were sampled at different subplot locations 
and because variation in loading over short distances was 
high for one or both components. In general, the low cor-
relations suggest that in modeling fuels for prediction of 
fire behavior, fuel components are highly independent. 
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rIooo 
• • 
HERB SHRUB 
FUEL CATEGORY AND COVER TYPE 
Figure 1-Plotted points represent mean fuel 
loadings of selected fuel categories for cover types 
and locations. Variation within cover types is shown 
by lines connecting different locations. Cover types 
are represented by one to four locations. (See text 
for information on abbreviations.) 
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CORRELATION COEFFICIENT 
Figure 2-Spearman's correlation coefficients 
between pairs of fuel variables. The range and 
median of correlation coefficients from cover types 
are shown. Coefficients exceeding ± 0.10 are signifi-
cant at the 0.05 confidence level. 
Fuel loading distributions for the fire groups were 
similar to those for the cover types. Approximately 70 per-
cent of the fuel loading distributions for fire group-location 
data sets were significantly different according to the 
Kolmogorov-Smirnov test. A smaller proportion of the fuel 
distributions were significantly different for the fire 
groups than for the cover types, indicating more similarity 
of fuels between fire groups. The ratios of medians-to-
means and standard deviations-to-means were essentially 
the same for cover types and fire groups. Variation in 
loadings within and between fire groups appeared similar 
to that of cover types (fig. 3); and like cover types for fire 
management applications, it suggests that differences be-
tween fire groups may be insignificant but variation within 
fire groups may be important. 
FIRE BEHAVIOR 
Average rates of spread and fireline intensities for low 
fuel moisture and 5-mi/h midflame windspeed are shown 
for cover types in figure 4 and for fire groups in figure 5. 
Relative differences in fire behavior between cover types 
and between fire groups for the other fuel moisture-
windspeed combinations were about the same. Fire 
behavior for some cover types may appear unrealistic. For 
example, rate of spread for ponderosa pine appears low 
compared to Engelmann spruce (fig. 5). This is probably 
an anomaly. In reality, fuel moisture contents and mid-
flame windspeeds common to these cover types would 
favor higher rates of spread and fireline intensities for 
ponderosa pine than for Engelmann spruce. Thus, figures 
4 and 5 do not necessarily reflect actual field situations. 
• 
2000 
1600 
w 
• 
.I. 
a: 
() 
c:( • 
..... 1200 
10 
..J 
Cl • • 
• 
• I I • • • • • • 
z 800 • 0 
c:( 
0 
..J 
400 • 
0 
24678910 11 24 6 7 8 91011 2467891011 2467891011 
1400 
1200 
~ 1000 
I-
LI. 
'-
::l 
I-
m 
> 800 !: 
III 
Z 
w 
I- 600 ~ 
w 
z 
-' 
w 
tl: 400 
LI. 
200 
o 
I 
LITTER 0-1 INCH HERB 
FUEL CATEGORIES AND FIRE GROUPS 
Figure 3-Plotted points represent mean fuel loadings of selected 
fuel categories for fire ecology groups and locations. Variation 
within (ire groups is shown by lines connecting different loca-
tions. Fire groups are represented by one to three locations. (See 
text for descriptions of fire groups.) 
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Figure 4-Plotted points represent average 
fkeline intensities and rates of spread from the 
jackknife analysis of cover type/location data 
sets. Lines connect different locations having the 
same cover type. Predicted fire behavior was 
based on the low fuel moisture contents and 
5-mi/h midflame windspeeds. 
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Figure 5-Plotted points represent average 
fireline intensities and rates of spread, from the 
jackknife analysis of fire groups/location data 
sets. Lines connect different locations having the 
same fire group. Numbers refer to fire groups. 
Predicted fire behavior was based on the low 
fuel moisture contents and 5-mi/h midflame 
windspeeds. 
However, the purpose of the analysis was to evaluate the 
influence of only the physical fuel properties on predicted 
fire behavior. 
Although the results are only suggestive, they reflect 
high variation in both rate of spread and fireline intensity 
within cover types (fig. 4) and within fire groups (fig. 5) as 
shown by the lines connecting data points. Differences in 
fire behavior between cover types and between fire groups 
appear meaningful for only a few vegetation pairs such as 
between Fire Groups Six and Ten. Lodgepole pine and 
Douglas-fir cover types differ noticeably in rate of spread 
but not in intensity. Some vegetation types were only 
represented by one location, so assessment of variation 
within those vegetation types was not possible. 
In appraising fire behavior for broad scale application it 
appears that the physical properties of fuel, particularly 
loading, are not as important as fuel moisture and condi-
tion of live vegetation, which relate largely to season, 
elevation, and aspect. A few models of varying physical 
properties should be ample for rating fire danger or ap-
praising fire behavior potential by broad vegetation types. 
The jackknife analysis resulted in significant differences 
in average fire behavior between practically all cover 
type/location pairs and between fire group/location pairs. 
Variation in predicted fire behavior between the jackknife 
groups was exceedingly small because the median loadings 
of each fuel component were nearly the same. 
The jackknife procedure involving analysis of medians of 
rather large data sets was not helpful in evaluating varia-
tion in fire behavior. Use of means would have increased 
variation in the predicted fire behavior. However, the 
overriding handicap for evaluating variation in fire be-
havior within and between vegetation types was the fact 
that the data were not collected for this purpose. To 
definitely evaluate variability in fire behavior for vegeta-
tion types, other sampling designs and analysis techniques 
would be needed. 
SUMMARY AND CONCLUSIONS 
This study showed that distributions of fuel loading were 
strongly skewed to the right. Median loadings for most 
fuel components were approximately 0.6 of mean loadings. 
The choice of mean or median loadings can greatly affect 
predicted fire behavior. Either statistic may be appro-
priate depending upon the one that furnishes the most 
accurate fire behavior predictions and the intended appli-
cations. Median loadings better reflect the arrangement of 
fuels that would be encountered by a fire front spreading 
across an area. Thus, predictions based on medians should 
be more representative of fire behavior. Mean loadings 
should provide predictions that better reflect potential fire 
behavior in areas of concentrated fuel. When comparing 
vegetation types, mean loadings are more apt to indicate 
differences in fire behavior than are median loadings, 
when none probably exist, due to occurrence of fuel jack-
pots and sampling errors. 
Correlation coefficients for relationships between fuel 
components were low, mostly less than 0.30. The weak 
dependence between fuel components indicates that 
relating fuel quantity of one component to that of another, 
which could simplify fuel modeling, is not realistic. 
8 
Variation in fuel loadings and predicted fire behavior 
within cover types and fire groups was rather large com-
pared to variation between many vegetation types. This 
suggested that only a few models of physical fuel proper-
ties are sufficient to reflect fire behavior differences 
between vegetation types for fire management planning 
activities. When knowledge of expected fire behavior is 
needed for specific locations, site-specific appraisal of fuels 
is necessary to predict fire behavior. 
REFERENCES 
Albini, Frank A. Estimating wildfire behavior and effects. 
General Technical Report INT-30. Ogden, UT: U.S. 
Department of Agriculture, Forest Service, Intermoun-
tain Forest and Range Experiment Station; 1976a. 92 p. 
Albini, Frank A. Computer-based models of wildland fire 
behavior: a user's manual. Ogden, UT: U.S. Department 
of Agriculture, Forest Service, Intermountain Forest 
and Range Experiment Station; 1976b. 68 p. 
Brown, James K. Weight and density of crowns of Rocky 
Mountain conifers. Research Paper INT-197. Ogden, UT: 
U.S. Department of Agriculture, Forest Service, Inter-
mountain Forest and Range Experiment Station; 1978. 
56 p. 
Brown, James K. Bulk densities of nonuniform surface 
fuels and their application to fire modeling. Forest 
Science. 27(4): 667-683; 1981. 
Brown, James K.; See, Thomas E. Downed dead woody 
fuel and biomass in the Northern Rocky Mountains. 
General Technical Report INT-117. Ogden, UT: U.S. 
Department of Agriculture, Forest Service, Intermoun-
tain Forest and Range Experiment Station; 1981. 48 p. 
Brown, James K.; Oberheu, Rick D.; Johnston, 
Cameron M. Handbook for inventorying surface fuels 
and biomass in the Interior West. General Technical 
Report INT-129. Ogden, UT: U.S. Department of 
Agriculture, Forest Service, Intermountain Forest and 
Range Experiment Station; 1982. 48 p. 
Davis, Kathleen M.; Clayton, Bruce D.; Fischer, William 
C. Fire ecology of Lolo National Forest habitat types. 
General Technical Report INT-79. Ogden, UT: U.S. 
Department of Agriculture, Forest Service, Intermoun-
tain Forest and Range Experiment Station; 1980. 77 p. 
Fischer, W. C.; Clayton, Bruce D. Fire ecology of Mon-
tana forest habitat types east of the Continental Divide. 
General Technical Report INT-141. Ogden, UT: U.S. 
Department of Agriculture, Forest Service, Intermoun-
tain Forest and Range Experiment Station; 1983. 83 p. 
Jeske, Bruce W.; Bevins, Collin D. Spatial and temporal 
distribution of natural fuels in Glacier Park. In: First 
conference on scientific research in National Parks, Vol. 
II. Washington, DC: U.S. Department of the Interior, 
National Park Service; Transactions and Proceedings 
Series 5: 1219-1224; 1979. 
Pfister, Robert D.; Kovalchik, Bernard L.; Arno, Stephen 
F.; Presby, Richard C. Forest habitat types of Montana. 
General Technical Report INT-34. Ogden, UT: U.S. 
Department of Agriculture, Forest Service, Intermoun-
tain Forest and Range Experiment Station; 1977. 174 p. 
Rothermel, Richard C. A mathematical model for fire 
spread predictions in wildland fuels. Research Paper 
INT-1l5. Ogden, UT: U.S. Department of Agriculture, 
Forest Service, Intermountain Forest and Range Experi-
ment Station; 1972. 40 p. 
Sackett, Stephen S. Natural fuel loadings in ponderosa 
pine and mixed conifer forest of the Southwest. Re-
search Paper RM-213. Fort Collins, CO: U.S. Depart-
ment of Agriculture, Forest Service, Rocky Mountain 
Forest and Range Experiment Station; 1979. 10 p. 
Sokal, Robert R.; Rohlf, F. James. Biometry. 2d ed. San 
Francisco: W. H. Freeman; 1981. 859 p. 
9 
